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Introduction
[bookmark: OLE_LINK183]In RAN#103 plenary meeting, the SID on solutions for Ambient IoT has been revised as [1], including the following objectives which are led by RAN1:
	General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
[bookmark: OLE_LINK153]NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.
B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· [bookmark: OLE_LINK154]Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.
The following objectives are set, within the General Scope:
Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
For Topology 2, no difference in physical layer design from Topology 1.


Based on the agreements of RAN1#116bis, in this contribution, we provide our views on the frame structure and timing aspects for the Ambient IoT system including the synchronization and timing, random access, scheduling and timing relationships, etc.
[bookmark: _Hlk156998825][bookmark: OLE_LINK147]Synchronization and timing
[bookmark: OLE_LINK124][bookmark: OLE_LINK3]In the NR/LTE/NB-IoT system, the UE can maintain the DL synchronization with NW side by monitoring the periodically transmitted synchronization signal, such as the SSB, while for the UL, the slot/symbol boundary can be aligned b/w UE and NW side, by adopting a proper TA. 
It is difficult to maintain the long-term synchronization by monitoring the periodically transmitted signals from the power consumption aspects especially for the type 1 A-IoT device which is limited by ~1 µW peak power consumption, and thus, it is not necessary to introduce the periodically transmitted signals at least for synchronization purpose.
[bookmark: OLE_LINK6][bookmark: OLE_LINK27]Observation 1: At least for type 1 device in Ambient IoT, long-term synchronization with gNB (in topology 1) or intermediate UE (in topology 2) is difficult to be achieved due to monitoring periodic synchronization signal has a very high possibility to break the power consumption limitation. 
[bookmark: OLE_LINK7]Proposal 1: Periodically transmitted synchronization signal, such as the SSB is not supported in A-IoT.
The RFID is more like an asynchronous system, the transmission/reception timing can only be acquired by transmitting and monitoring the preamble/frame-sync along with the data transmission procedure. Similar mechanism can be adopted in the A-IoT system as the long-term synchronization may not be achievable. Therefore, the time acquisition (e.g., preamble and potential midamble/postamble) signal similar to RFID preamble has been agreed, and the design details and functionalities would be discussed in our companion tdoc [2].
[bookmark: OLE_LINK133][bookmark: OLE_LINK135][bookmark: OLE_LINK140]Random access
As aforementioned, the Ambient IoT is more like an asynchronous system, which means some definitions in NR related to random access procedure cannot be reuse, such as Timing Advance. Meanwhile, the ambient IoT device may not have the ability to generate a sequence from a certain number of candidates (such as 64 in NR), it seems impossible to introduce the RACH preamble in Ambient IoT. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK126][bookmark: OLE_LINK136][bookmark: OLE_LINK178]Observation 2: Some concepts in NR related to RACH procedure is unnecessary to be introduced for Ambient IoT, e.g., timing advance, preamble, etc.
[bookmark: OLE_LINK53]During RAN1#116bis meeting, companies strive to decide which part of random access aspects should be studied in RAN1, based on the RAN1 discussion and chairman guideline after the meeting, it has been confirmed that the number of steps and the function of the message for each step in random access procedure is not in the study scope of RAN1, these aspects are belong to RAN2 work scope instead.  
[bookmark: _Hlk165294738]As in the guideline from chairman, RAN1 can study contention resolution aspects at physical layer (in case of contention-based access) and how to use physical resources (in case of contention-free access), i.e., to study physical resources and physical channel(s)/signal(s) for contention-based and contention-free random access procedures, which are agreed to be studied by RAN2 (please refer to RAN2 agreements).
Observation 3: The following guidelines can be derived from RAN1 discussion on the study scope of random access:
· [bookmark: OLE_LINK54]The study of the number of steps and the function of the message for each step in random access procedure is out of RAN1 scope;
· How to achieve multi-access during the random access (e.g., TDM, FDM or potential CDM) and the related resource allocation can be discussed in RAN1.
There may need some enhancements in Ambient IoT for the access procedure to guarantee more devices can successfully in one round of contention-based access procedure compared to RFID because there may be more devices within gNB’s coverage in topology 1, than the number of tags in which are within the reader’s coverage RFID. The following agreements have been agreed to study the multi-access scheme, such as TDM/FDM, and the potential CDM.
	[bookmark: _Hlk165883837]Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.
Agreement
[bookmark: OLE_LINK83]Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.
Agreement
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.


Firstly, compared to RFID where only one tag can perform successful access and the corresponding transmission in one RFID slot, it can be considered to increase the successfully accessed device number in one contention-based access occasion in A-IoT, the illustration of the definition on contention-based access occasion can be found in figure 1 (similar to the definition of “slot” in RFID). From our perspective, at least FDMed/TDMed D2R transmission can be considered for multiple devices’ access in one contention-based occasion for contention-based access. 
[image: ]
Figure 1 Illustration of contention-based access occasion

Furthermore, for contention-free access which is more suitable for command use case, it can also be considered the case where a R2D command is target for multiple devices simultaneously, for example, a “Read” command can trigger multiple devices to report the content from the same memory area.
[bookmark: OLE_LINK60]Proposal 2: For contention-based access, at least FDMed/TDMed D2R transmission in one contention-based occasion can be considered for multiple devices’ access.
Proposal 3: For contention-free access, at least FDMed/TDMed D2R transmission can be considered for multiple devices’ access.
[bookmark: OLE_LINK69][bookmark: _Hlk165999715][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK61][bookmark: OLE_LINK66]Furthermore, regarding the FDM operation for contention-based access, since the devices have not been identified by the reader yet in this case, one straightforward method is the reader indicate multiple sets of parameters for the D2R frequency resource/channel determination, and each device randomly select one set of parameters to obtain its own D2R frequency resource/channel. 
[image: ]
[bookmark: OLE_LINK68]Figure 2 Illustration of FDMed D2R transmission in one contention-based occasion 

[bookmark: OLE_LINK67][bookmark: OLE_LINK65][bookmark: _Hlk165298722]Proposal 4: For contention-based access, the reader can indicate multiple sets of parameters for the D2R frequency resource/channel determination, and each device randomly select one set of parameters to obtain its own D2R frequency resource/channel.
On the other hand, for contention-free access, since the devices have been identified by the reader in this case, the reader can include the frequency domain resource information for each device separately in the R2D command, in which the resource collision can be avoided.


[bookmark: OLE_LINK73]Figure 3 Illustration of FDMed D2R transmission for contention-free access

Proposal 5: For contention-free access, if the R2D command is target for more than one device, the reader can explicitly indicate the parameter for the D2R frequency resource/channel determination to each device.
Regarding the TDM operation for contention-based access, the reader can indicate multiple sub-occasions in one contention-based occasion, and each device randomly select one of these sub-occasions to perform RN16 or device ID transmission. Moreover, the following proposal has been discussed but no agreements have been achieved during last meeting:
	Proposal 6.1-1b: For A-IoT device, for the start timing of the corresponding D2R transmission after a R2D transmission, study at least following options.
· [bookmark: OLE_LINK71]Option 1: Define a maximum time TR2D_max between the end of a R2D transmission and the start of the corresponding D2R transmission following it, so that the R2D transmission timing is within [TR2D_min, TR2D_max]. 
· Option 2: Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission. 
· Note above options may not be mutually exclusive.


From our perspective, these two options can achieve the same results regarding time-domain scheduling, therefore, we propose:


[bookmark: OLE_LINK74]Figure 4 Illustration of TDMed D2R transmission for contention-free access in one contention-based occasion

[bookmark: OLE_LINK72]Proposal 6: For contention-based access, the reader can indicate multiple sets of {TR2D_min, TR2D_max} or scheduling information for the sub-occasion determination in one contention-based occasion, and each device randomly select one of them to obtain its own D2R transmission time domain resources.
Similar, for contention-free access, the reader can explicitly indicate the time domain resource information to each device, then, we propose:
Proposal 7: For contention-free access, if the R2D command is target for more than one device, the reader can explicitly indicate the {TR2D_min, TR2D_max} or scheduling information for the sub-occasion determination, to each device.
Furthermore, the joint method of TDM and FDM within an access occasion can be further considered to improve access efficiency. The following figure can be served as an example, where a pair of a candidate resource (CR) can represent a pair of {sub-occasion, channel}, and the device can autonomously select a CR or be assigned a CR by the reader, for contention-based and contention-free access, respectively.
[image: ]
Figure 5 Illustration of TDMed/FDMed D2R transmission
[bookmark: OLE_LINK4][bookmark: OLE_LINK129][bookmark: OLE_LINK128][bookmark: OLE_LINK130]Based on the Slotted-ALOHA mechanism, another aspect can be considered for efficiency improvement is to make the device can perform successful access during an ongoing round of contention-based access procedure. In RFID, a tag which has not successfully decoded the command of “Query” cannot perform access during this round because some necessary parameters, such as Divide Ratio (DR) to determine the BLF, and the value of “Q” to determine the corresponding slot have been missed. Therefore, we propose to add these necessary parameters to the R2D command like “QueryRep” in RFID for devices’ access during an ongoing round of contention-based procedure.
[bookmark: OLE_LINK15][bookmark: OLE_LINK131]Proposal 8: From RAN1 perspective, additional parameters (e.g., Divide Ratio and the value of “Q”) can also be carried by the R2D command like “QueryRep” in RFID for devices’ access during an ongoing round of contention-based procedure.
· FFS: Whether the exact values of these parameters are same or different from the R2D command like “Query” in RFID;
· FFS: Whether other parameters are needed.
Frame structure
Frequency domain structure
[bookmark: OLE_LINK5]In NB-IoT, one or more PRBs are used for transmission, this kind of alignment with NR/LTE system can obtain better performance and improve the resource efficiency, especially for in-band deployment scenario. Further, with the implementation of a narrow band transmission, the device complexity and peak power consumption can be limited accordingly. Another aspect to be considered is that the peak data rate in Ambient IoT is not very high (maximum not less than 5 kbps, and minimum not less than 0.1 kbps). Thus, based on above analysis, for R2D, one or a few numbers of PRBs should be used for Ambient IoT transmission.
[image: ]
Figure 6 Frequency resource for Ambient IoT R2D transmission

For the R2D transmission, during last meeting, the following agreement has been achieved:
	[bookmark: OLE_LINK82]Agreement
For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is ≤ [12] PRBs and is down-selected among:
· Alt 1: Including 180 kHz, 360 kHz, and FFS other values 
· [bookmark: OLE_LINK84]Alt 2: Integer multiple(s) of 180 kHz (FFS: what integer(s))
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))


More details can be found in our companion tdoc [3].
For the D2R transmission, at least the single carrier transmission can be supported considering the low hardware capability at least for the type 1 A-IoT device. To align with the NR resource grid, especially for the in-band scenario, the single carrier bandwidth size can be an integer multiple numbers of PRB/subcarrier size in NR. Based on the following agreements, the aforementioned single carrier bandwidth is defined as Occupied bandwidth, Bocc,D2R.
[bookmark: OLE_LINK16]Proposal 9: For D2R frequency domain structure, the Occupied bandwidth (Bocc,D2R) can be an integer multiple numbers of PRB/subcarrier size of NR.
Time domain structure
[bookmark: OLE_LINK141][bookmark: OLE_LINK142]To achieve better co-existence performance and reuse the transmitter of NR system as much as possible, the boundary of a R2D chip is preferred to be aligned with NR OFDM symbol boundary. However, the number of chips that can map to one OFDM symbol may need to be further discussed. The design in the LP-WUS WI can be considered as starting point. From our perspective, this kind of alignment can be controlled by gNB or intermediate UE, however, the alignment should be transparent to the device as the accurate synchronization cannot be maintained in the device side. During the RAN1#116bis meeting, the following agreement has been reached in which the start of R2D transmission from reader perspective is assumed to be aligned with the OFDM symbol boundary.
	Agreement
[bookmark: OLE_LINK86][bookmark: OLE_LINK31]For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation.



[image: ]
Figure 7 Aligned Ambient IoT symbol(s) within one NR OFDM symbol

There are two remaining issues on R2D transmission time domain alignment: 
1) [bookmark: OLE_LINK89]Whether the end of R2D transmission needs to be aligned with the boundary of an NR symbol for in-band/guard-band operation? 
2) Whether the reader needs to align the start and/or the end of R2D transmission with the boundary of an NR slot for in-band/guard-band operation?
[bookmark: OLE_LINK88]For question 1), due to most of the transmission packets size in A-IoT R2D direction may be small, considering the scheduling flexibility and efficiency, it seems unnecessary to make such a restriction on the R2D transmission;
For question 2), similar to 1), such kind of alignment will make the scheduling more restricted when the A-IoT R2D transmission packet size is small, so we think it is also unnecessary.
[bookmark: OLE_LINK90]Proposal 10: The end of R2D transmission is unnecessary to be aligned with the boundary of an NR symbol for in-band/guard-band operation.
[bookmark: OLE_LINK91]Proposal 11: The start and/or the end of R2D transmission is unnecessary to be aligned with the boundary of an NR slot for in-band/guard-band operation.
[bookmark: _Hlk157615287]As aforementioned, Ambient IoT device is difficult to maintain a long-term synchronization, then the UL transmission is more-like an asynchronization transmission and cannot align with the boundary of NR symbol/slot. Therefore, the mechanism in RFID can be regarded as a starting point, in which the timing parameters are counted by millisecond or the integer multiple of chip length.
[bookmark: OLE_LINK18][bookmark: OLE_LINK30]Proposal 12: For A-IoT D2R transmission, asynchronized transmission is starting point, i.e., the D2R transmission is unnecessary to be aligned with the NR symbol or slot boundary.
In last meeting, the necessity of introducing midamble at least for the purpose of performing timing/frequency tracking is discussed by RAN1, and finally it is agreed to be studied for D2R transmission. Nevertheless, it is not agreed to be studied for R2D transmission when Manchester coding is used. The following aspects can be further studied for D2R midamble according to the agreements in last meeting:
	Agreement
[bookmark: _Hlk165895769][bookmark: OLE_LINK93]For D2R transmission, study the necessity of midamble at least for the purpose of performing timing/frequency tracking or channel estimation or interference estimation, considering at least the following: 
· Modulation and Coding schemes, e.g., data modulation, line/channel coding 
· [bookmark: OLE_LINK35]Receiving methods, e.g., coherent or non-coherent 
· D2R transmission length/packet size
· Midamble overhead
· Timing/frequency accuracy 
· [bookmark: OLE_LINK33]Phase accuracy 


[bookmark: OLE_LINK94]From our perspective, midamble can be inserted once in-between every two L chips/bits of D2R transmission segments, where L is a maximum value and the actual transmission segment size can be smaller, e.g., for the last segments. For a D2R transmission whose size is smaller than L, the midamble transmission can be omitted.


Figure 8 Illustration of midamble location in a D2R transmission

[bookmark: OLE_LINK14]Proposal 13: Midamble can be inserted once in-between every two L chips/bits of D2R transmission segments.
· For a D2R transmission whose size is smaller than L, the midamble transmission can be omitted;
· FFS: The exact value of L.
Scheduling
[bookmark: OLE_LINK146]The time gap b/w R2D/D2R transmission, D2R/R2D transmission, R2D/R2D transmission is dependent on the processing capabilities of the gNB or intermediate UE, and the Ambient IoT device. The following agreement was made on the minimum time b/w two R2D or D2R transmission.
	Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
FFS other timing aspects


One potential issue is whether the processing time is common or different for the two types of A-IoT devices. From our perspective, this is not necessary because the device type may be transparent to the gNB or intermediate UE, i.e., the reader cannot identify the device type during the inventory or command procedure. Besides, since the clock timing may be drifted during the transmission, some margin may need to be considered when defining the link timing parameters, the margin should be determined by the weakest capability type of devices, i.e., type 1 device.
[image: ]
Figure 9 Illustration of link timing parameters in RFID [4]

[bookmark: OLE_LINK19]Proposal 14: Common processing time is defined for different A-IoT devices.
· The potential margin may need to be considered which can be defined according to the processing time of type 1 device.
[bookmark: OLE_LINK25][bookmark: OLE_LINK160]Refer to RFID, the processing time is separately defined as Immediate reply, Delayed reply and In-process reply for different types of Command, for example, the time gap between a R2D transmission and the corresponding D2R transmission in RFID are defined as T1, T5 and T6 separately for the aforementioned three kinds of reply, the reason is that device may have different processing time for different kind of R2D Command. In A-IoT, the similar mechanism can also be considered after RAN2 has decided all of the candidate R2D Commands and the potential reply types.
[bookmark: OLE_LINK20][bookmark: OLE_LINK161][bookmark: OLE_LINK162][bookmark: OLE_LINK163]Proposal 15: Whether separate processing time for different traffic types/command types (e.g., DT or DO-DTT) and/or different use case (e.g., Inventory or Command) can be postponed to be discussed in RAN1.
· [bookmark: OLE_LINK159]This can be studied after RAN2 has decided all of the candidate R2D Commands and the potential reply types.
[bookmark: OLE_LINK168][bookmark: OLE_LINK170][bookmark: OLE_LINK169][bookmark: OLE_LINK165]Besides defining the minimum time gap b/w two A-IoT transmission which is for R2D/D2R data processing, from our perspective, the maximum time b/w two A-IoT transmission can also be considered. For example, TR2D_max can be defined as the maximum time between a R2D transmission and the corresponding D2R transmission following it. If the reader does not observe a device reply within this time which means the device did not execute the command successfully, the reader can typically issue a subsequent command (which is same or different from the previous one) for the device. Another example is, in RFID, T2max is used for a tag to determine the state transition from reply or acknowledged state back to the arbitrate state. Then, in A-IoT, a similar maximum time can be defined for the time between a D2R transmission and the corresponding R2D transmission following it, after RAN2 has identified the all the states and the transition conditions.
Proposal 16: Maximum Time b/w two A-IoT transmission can be defined in A-IoT, e.g.:
· TR2D_max for a reader to issue a subsequent command if it does not observe a device reply within this time;
· TD2R_max for a device to determine the potential state transition if the device does not receive a valid R2D command within this time.
In the RANP#103 meeting, the following proposal related to energy harvesting impact has been endorsed.
	Proposal 2
· [bookmark: OLE_LINK173]Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· [bookmark: OLE_LINK138][bookmark: OLE_LINK139]The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary


it should be clarified whether the time for energy harvesting needs to be considered when designing the scheduling timeline, for example, how long a reader needs to wait until a D2R transmission is received after the corresponding R2D transmission, may need to take into account the device may have some potential energy harvesting time after decoding the R2D transmission 
[bookmark: OLE_LINK21]Proposal 17: RAN1 needs to clarify whether the energy harvesting time is to be considered for scheduling time.
[bookmark: OLE_LINK26]Another aspect needed to be discussed is how to determine or derive the end of PRDCH and PDRCH, in NR, the TBS is calculated based on the allocated DL/UL resource However, this kind of resource allocation and TBS determination mechanism cannot be reused in A-IoT since the baseline of this system is defined as asynchronized. 
In A-IoT, the TBS can be calculated after the end of PRDCH/PDRCH is determined or derived. During last meeting, the agreements below have been reached about how to determine/derive the end of PRDCH/PDRCH. 
	Agreement
[bookmark: OLE_LINK102][bookmark: OLE_LINK32]To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.
Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:  
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information


[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK100]For R2D transmission, there is no further issue on how to determine the end of transmission. Both options can work and RAN1 may only need to select one in the future work; However, for D2R transmission, the divergent point is whether the “control information” exactly means the R2D or D2R control information. In our point of view, if the reader can know the D2R transmission length in advance, the end of PDRCH can be acquired by the reader only based on the R2D control information, i.e., based on the command type indication in the control information and the corresponding D2R response type with fixed length; otherwise, the end of PDRCH can only be acquired based on D2R control information or postamble immediately follows the PDRCH, since the D2R response type may have variable length. Moreover, in which case the reader can know the length of D2R response may up to other WG’s discussion.  
Observation 4: For the reader to acquire the end of PDRCH transmission,
· if the reader can know the transmission length of D2R response, the end of PDRCH can be acquired by the reader only based on the R2D control information;
· Otherwise, D2R control information or postamble may need to be used for this purpose;
· Whether there is/in which case the reader can know the length of D2R response is up to other WG’s discussion.
Furthermore, based on the above observation, we can find that option 1 can achieve a unified design, further, the indication in control information may bring more overhead than postamble due to the maximum packet size may be 1000bits. Therefore, we propose:
Proposal 18: To determine or derive the end of PRDCH/PDRCH transmission, study Option 1, i.e., postamble immediately follows the PRDCH to indicate the end of the PRDCH/PDRCH as baseline.
To increase the coverage performance, repetition mechanism is supported in NR/NB-IoT, where for different coverage level defined in NB-IoT, different number of repetitions can be indicated by the corresponding fields in the DCI. Similarly, since coverage performance is also a key KPI for designing Ambient IoT, Bit/TB level repetition can also be considered to improve the coverage performance at least for D2R transmission where the reader is the D2R transmission receiver, the repetition number indicator can be included in the corresponding R2D command. Further, enhancements for determining the repetition number can be further considered in RAN1 to obtain better scheduling performance.
Proposal 19: Bit/TB level repetition can be considered for D2R transmission to improve the coverage performance.
· FFS: Further enhancements on the repetition number determination mechanism.
For the UL scheduling, more A-IoT device may access the NW from one reader compare to that in the RFID system due to larger coverage.  It would be beneficial to support both one-to-one and one to multiple scheduling mechanism especially for the UL data transmission with larger payload size
[bookmark: OLE_LINK22]Proposal 20: To provide more efficiency, both one-to-one and one to multiple scheduling can be considered.
Conclusion
In this contribution, initial views on frame structure and timing aspects for Ambient IoT were provided. Based on the discussion, the following observations and proposals are proposed:
Observation 1: At least for type 1 device in Ambient IoT, long-term synchronization with gNB (in topology 1) or intermediate UE (in topology 2) is difficult to be achieved due to monitoring periodic synchronization signal has a very high possibility to break the power consumption limitation. 
Observation 2: Some concepts in NR related to RACH procedure is unnecessary to be introduced for Ambient IoT, e.g., timing advance, preamble, etc.
Observation 3: The following guidelines can be derived from RAN1 discussion on the study scope of random access:
· The study of the number of steps and the function of the message for each step in random access procedure is out of RAN1 scope;
· How to achieve multi-access during the random access (e.g., TDM, FDM or potential CDM) and the related resource allocation can be discussed in RAN1.
Observation 4: For the reader to acquire the end of PDRCH transmission,
· if the reader can know the transmission length of D2R response, the end of PDRCH can be acquired by the reader only based on the R2D control information;
· Otherwise, D2R control information or postamble may need to be used for this purpose;
· Whether there is/in which case the reader can know the length of D2R response is up to other WG’s discussion.
Proposal 1: Periodically transmitted synchronization signal, such as the SSB is not supported in A-IoT.
Proposal 2: For contention-based access, at least FDMed/TDMed D2R transmission in one contention-based occasion can be considered for multiple devices’ access.
Proposal 3: For contention-free access, at least FDMed/TDMed D2R transmission can be considered for multiple devices’ access.
Proposal 4: For contention-based access, the reader can indicate multiple sets of parameters for the D2R frequency resource/channel determination, and each device randomly select one set of parameters to obtain its own D2R frequency resource/channel.
Proposal 5: For contention-free access, if the R2D command is target for more than one device, the reader can explicitly indicate the parameter for the D2R frequency resource/channel determination to each device.
Proposal 6: For contention-based access, the reader can indicate multiple sets of {TR2D_min, TR2D_max} or scheduling information for the sub-occasion determination in one contention-based occasion, and each device randomly select one of them to obtain its own D2R transmission time domain resources.
Proposal 7: For contention-free access, if the R2D command is target for more than one device, the reader can explicitly indicate the {TR2D_min, TR2D_max} or scheduling information for the sub-occasion determination, to each device.
Proposal 8: From RAN1 perspective, additional parameters (e.g., Divide Ratio and the value of “Q”) can also be carried by the R2D command like “QueryRep” in RFID for devices’ access during an ongoing round of contention-based procedure.
· FFS: Whether the exact values of these parameters are same or different from the R2D command like “Query” in RFID;
· FFS: Whether other parameters are needed.
Proposal 9: For D2R frequency domain structure, the Occupied bandwidth (Bocc,D2R) can be an integer multiple numbers of PRB/subcarrier size of NR.
Proposal 10: The end of R2D transmission is unnecessary to be aligned with the boundary of an NR symbol for in-band/guard-band operation.
Proposal 11: The start and/or the end of R2D transmission is unnecessary to be aligned with the boundary of an NR slot for in-band/guard-band operation.
Proposal 12: For A-IoT D2R transmission, asynchronized transmission is starting point, i.e., the D2R transmission is unnecessary to be aligned with the NR symbol or slot boundary.
Proposal 13: Midamble can be inserted once in-between every two L chips/bits of D2R transmission segments.
· For a D2R transmission whose size is smaller than L, the midamble transmission can be omitted;
· FFS: The exact value of L.
Proposal 14: Common processing time is defined for different A-IoT devices.
· The potential margin may need to be considered which can be defined according to the processing time of type 1 device.
Proposal 15: Whether separate processing time for different traffic types/command types (e.g., DT or DO-DTT) and/or different use case (e.g., Inventory or Command) can be postponed to be discussed in RAN1.
· This can be studied after RAN2 has decided all of the candidate R2D Commands and the potential reply types.
Proposal 16: Maximum Time b/w two A-IoT transmission can be defined in A-IoT, e.g.:
· TR2D_max for a reader to issue a subsequent command if it does not observe a device reply within this time;
· TD2R_max for a device to determine the potential state transition if the device does not receive a valid R2D command within this time.
Proposal 17: RAN1 needs to clarify whether the energy harvesting time is to be considered for scheduling time.
Proposal 18: To determine or derive the end of PRDCH/PDRCH transmission, study Option 1, i.e., postamble immediately follows the PRDCH to indicate the end of the PRDCH/PDRCH as baseline.
Proposal 19: Bit/TB level repetition can be considered for D2R transmission to improve the coverage performance.
· FFS: Further enhancements on the repetition number determination mechanism.
Proposal 20: To provide more efficiency, both one-to-one and one to multiple scheduling can be considered.
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